operationally or to attempt to measure. Technological literacy has been difficult to define because of a lack of consensus as to what comprises "technological literacy." TAAP defined technological literacy simply as "the ability to use, manage, and understand technology" (p. 6). Dyrenfurth, Hatch, Jones, and Kozak (1991) noted that technological literacy is a multi-dimensional concept that includes the ability to use technology (practical dimension), the ability to understand the issues raised by the use of technology (civic dimension), and the appreciation for the significance of technology (cultural dimension). Both of these definitions suggest the scope of technological literacy, but do not address content specifics nor begin to suggest how technological literacy may be measured.
It is clearly difficult to measure a construct if it has no readily agreed upon boundaries. To resolve this problem, many technology education programs limit the scope of their curriculum to "industrial" technology. Hayden (1991) developed the Industrial Technology Knowledge instrument to measure students' industrial technological literacy. Hayden concluded that there exists a construct of technological literacy that is a subset of general achievement. However, the construct can only be reliably measured by cognitive testing if there are similarities in the curriculum content of industrial technology programs.
Although there is no widely accepted standardized instrument suitable for assessing the broader construct of technological literacy, variations on the portfolio method are used to observe gains in students' technological literacy. Daiber, Litherland, & Thode (1991) described the following techniques to assess the technological literacy level of students in a specific technology education course or program: (a) analysis of taped one-on-one and group discussion that have similar topics at the beginning and end of the course, (b) observation of students involvement with problem solving activities, and the results of hand on activities, (c) utilization of paper and pencil exercises in the format of a pretest/ posttest design, and (d) development of a technology achievement test that includes major objectives of the course. Similarly, the British technological literacy framework used nine criteria to assist teachers in assessing the performance of 11 to 13 year olds in design and technology programs (Ager, 1992) . The framework argued that an accurate assessment of technological capability of individuals is best conducted by teachers who have worked with students over long periods of time. These proposed methods for the assessment of technological literacy are time consuming and limited to specific curriculum content and concepts. The inability to measure technological literacy as practiced within the broad scope of technology education has led some educators to select measures in the affective domain as an alternative way to assess technological literacy (Bame, Dugger, de Vries, & McBee, 1993; Raat & de Vries, 1986) .
Evaluating Affective Outcomes
In the educational arena, instruments designed to measure cognitive objectives have historically been emphasized over instruments that measure affective objectives (Krathwohl, Bloom & Bertram, 1964) because many researchers assumed that personality characteristics, such as motivation, develop relatively slowly and were visible in appraisal techniques only over long periods of time. New evidence challenges this position. Now it is thought that affective behaviors undergo far more sudden transformations than cognitive behaviors (Popham, 1994) . It could be assumed that if students have a tendency to act positively toward a subject, for example, technology, then students will have more of an interest in that subject (Krathwohl et al., 1964) . Thus, if one of the educational goals of technology education is technological literacy, then students exhibiting a positive attitude toward technology would be more likely to attain technological literacy through technology education (Bame, et al., 1993) . Raat and de Vries (1985) investigated the attitudes of middle school students toward technology in order to develop course materials that could apply technological concepts and practices in a physics curriculum. The project titled Pupils' Attitudes Toward Technology (PATT) sought to determine students' attitudes toward technology and their understanding of technological concepts. Raat and de Vries concluded that: (a) students had only a vague concept of technology, (b) the relationship of technology to physics was very obscure to students, particularly among girls, and (c) girls are less interested in technology and see it as less important.
The PATT questionnaire was revised for use in the United States (PATT-USA) and the questionnaire was tested and validated in seven states (Bame et al., 1993; Bame and Dugger, 1989) . A description of the questionnaire and sample items are presented in the methods section of this paper. The results of the PATT-USA study indicated that: (a) students are interested in technology; (b) boys are more interested in technology than girls; (c) students in the U. S. think that technology is a field for both girls and boys; (d) girls are more convinced that technology is a field for both genders; (e) there is a positive influence of a parents' technological profession on the students' attitude, (f) U. S. students' concept of technology became more accurate with increasing age, (g) U. S. students are strongly aware of the importance of technology, (h) the U. S. has a rather low score on items measuring the concepts of technology compared to other industrialized countries, (i) students who had taken industrial arts/technology education classes had more positive attitudes on all sub-scales, and (j) the existence of technical toys in the home had a significantly positive impact on all attitude scales.
Although research on student attitudes in technology education has been used to assess student attitudes prior to curriculum development, a standardized attitude measure such as the PATT-USA has not been used to assess changes in attitude as the result of a treatment such as participation in a technology education program. It is logical that students who have a positive experience in a technology education program will develop a positive attitude toward technology and the pursuit of technological careers, and would therefore be more interested in studying about technology. As a result, students should become more technologically literate. This premise is grounded in research from the affective domain that indicates that students who exhibit a positive attitude toward a subject are more likely to actively engage in learning during and after instruction (Popham, 1994) .
Research Problem
There are numerous methods and techniques that technology teachers can use in order to deliver technology education content to middle school students. Yet, it is difficult to measure the affect of these various instructional approaches on the development of students' technological literacy. The lack of accepted or standardized measures of technological literacy make it difficult to assess and compare various forms of instruction in technology education. In lieu of an assessment of students' cognitive ability, measures of students' attitudes toward technology may provide some insight into the teaching approaches that affect students' attitude toward technology in a positive way. The attitude measure may then be one indicator of effective teaching approaches for technology education.
The purpose of this study was to examine changes in students' attitudes toward technology among four teaching approaches typically used to deliver technology education in the middle school. The following research questions guided the study:
1. Do the students' attitudes change as a result of participation in technology education programs? 2. As per previous PATT-USA research findings, are there differences in the attitudes of male and female students as a result of participation in technology education programs? 3. Does the instructional approach used to deliver technology education affect students' attitude toward technology? For the purposes of this study, the instructional approaches typically used in technology education are defined as follows:
1. Industrial Arts Approach: A body of related subject matter, or related courses, organized for the development of understanding about all aspects of industry and technology, including learning experiences involving activities such as experimenting, designing, constructing, evaluating, and using tools, machines, materials, and processes (American Council on Industrial Arts Teacher Education, 1979). 2. Integrated Approach: Instruction that incorporates other disciplines such as English, math, science, and social studies to show how technology is an integral part of other disciplines and vice versa. It also emphasizes the need for humans to apply knowledge from other disciplines to solve technological problems. 3. Modular Approach: Individualized, self-paced, action-based units of instruction that allow students to use current technologies to learn independently. The modular approach provides students with problems and activities that encourage them to use critical, higher-level thinking skills to solve problems and make value decisions. 4. Problem Solving Approach: An instructional approach that emphasizes critical thinking and is centered around students using a problem solving process to find creative solutions to problems that are technological by nature.
Methods
The four instructional approaches investigated were selected because they are representative of the spectrum of instruction that is typically labeled as technology education. While the integrated, modular, and problem solving approaches are contemporary variations of technology education, the industrial arts approach is still widely practiced and offered a point of comparison with the newer curricula. Although the researchers pre-determined the instructional approaches to be studied, two experts who have observed classroom practices in technology education in Illinois were asked to nominate programs that were good exemplars of each approach. From the pool of nominated programs, four schools were selected to participate in the study based on the following criteria: (a) similar population demographics; (b) located in central Illinois or the Chicago metropolitan area; (c) recognized as effectively using one of the four types of instructional approaches: interdisciplinary, modular, problem solving, or industrial arts; and (d) the teacher was recognized as competent in delivering the instructional approach. These criteria for program selection were established to control extraneous variation between the approaches.
Teachers from the four identified schools were contacted by phone to solicit their participation. The sample included a total of 155 seventh grade students who were enrolled in a middle school technology education program that utilized one of the four instructional approaches defined above. The data were collected from intact classes at the four middle schools.
The PATT-USA questionnaire was administered to students being taught in the four identified approaches using a pre-test and posttest design. The PATT-USA is one page instrument that consists of four parts: (a) a short written description of technology, (b) eleven questions to gather demographic data and information about the technological climate of students' homes, (c) 57 statements (items 12-69) with a five part, Likert-type scale to assess students' attitudes toward technology, and (d) 31 statements (items 70 -100) with a three part, Likert-type scale to assess students' Concept Of Technology.
There are six sub-scales on the PATT-USA questionnaire. Five of the subscales are dedicated to attitude items and consist of 57 questions related to student perceptions of technology. Examples of these items are presented in The pre-test was administered during the first week of the students' program and the posttest was administered during the last week of instruction. The time interval between the pre-and posttests was about nine weeks. The researchers traveled to all of the middle schools to administer the pre-test instruments to the students. Posttest data were collected by either the researchers or the classroom teacher who observed the initial pre-test administration. The standard administration protocol of the PATT-USA was observed during pre-and posttest data collection.
The completed PATT-USA data were color coded by instructional approach and numbered in order to assure the accuracy of data transfer. The data were initially entered into Excel, a spreadsheet from Microsoft, and then converted to SPSS (Statistical Package for the Social Sciences) files for additional statistical analysis. To assure the accuracy of data tabulation, 20% of the original instruments were compared to the entered data files. No data entry errors were identified during this procedure. Whenever possible, statistical analysis used the same procedures as previous PATT-USA studies (Bame & Dugger, 1989) . Specific statistical analysis procedures included:
1. All attitude items, questions 12-69, were analyzed using a factorial analysis to validate item grouping of sub-scales. 2. All Concept Of Technology items, questions 70-100, were analyzed using a Guttman analysis to assess internal reliability. 3. Cronbach's Alpha internal consistency reliability test was run on all attitude and concept items. 4. t-tests were used to determine attitudinal changes on each sub-scale between the pre and posttest administrations. 5. t-tests and MANOVA were used to analyze differences on the attitude sub-scales that may be attributed to gender. To establish the validity of the sub-scale categories, a factorial analysis was conducted on the pre-test data. The factorial analysis supported item loading and the sub-scale categories used on the PATT-USA questionnaire (Bame & Dugger, 1989) . To help the reader understand the type of items that comprise the five attitude sub-scales, examples of high loading items from each sub-scale are presented in Table 1 .
Results
A total of 287 pre-and posttest instruments were collected. Of the total, 282 usable instruments were available for analysis (155 pre-test and 127 posttest). Two factors explain the differences in pre and posttest returns. In one school, two classes received the pre-test, while only one class (n=23) took the posttest. Since students in one class had concluded their nine-week session there was no opportunity to administer the posttest to this class. Data analysis indicated equal variance between the pre-and posttest groups in spite of differences in sample size. In addition, five posttests were excluded from analysis because the students were not present for the entire nine-week treatment period.
The pre-test sample (n=155) was comprised of 86 boys and 68 girls (one student did not indicate gender). The posttest sample (n=127) was comprised of 66 boys and 59 girls. Two students did not indicate gender on the posttest instrument. Gender by instructional approach is presented in Table 4 . All of the students were in the seventh grade and between the ages of 12 and 14. Other demographic data in questions 3 to 11 of the instrument were not germane to this study. At school you hear a lot about technology. 17.
I will probably choose a job in technology. 56.
Technology is a subject should be taken by all pupils.
Attitude Toward Technology 29.
There should be less TV and radio programs about technology. 54.
Technology causes large unemployment. 60.
Because technology causes pollution, we should use less of it. 55.
Technology does not need a lot of mathematics.
Technology as an Activity for both Boys and Girls

13.
Technology is as difficult for boys as it is for girls. 30.
Boys are able to do practical things better than girls. 41.
Boys know more about technology than girls do. 53.
More girls should work in technology.
Consequences of Technology
14.
Technology is a good for the future of our country. 20.
Technology makes everything work better. 25.
Technology is very important in life. 36.
Technology has brought more good things than bad.
Technology is Difficult
15.
To understand technology you have to take a difficult training course. 21.
You have to be smart to study technology. 26.
Technology is only for smart people. 43.
To study technology you have to be talented. 49.
You can study technology only when you are good at both mathematics and science. Notes: Statistically significant differences in bold. Total n = 280, combined pre-test (n = 155), posttest (n = 125), and missing posttest cases (n = 2). * Lower mean on the 5-point scale indicates more positive attitude for subscale. **Higher mean indicates broader and more accurate concept of technology. Scale range 0 to 1.0.
A Guttman analysis was conducted on the sub-scale (items 70-100) to determine the index of internal consistency of students' responses to the concept items. The analysis indicated an alpha coefficient of .82 and .81 respectively on the pre-and posttests. A second reliability analysis, Cronbach's Alpha, conducted on the combined attitude and concept items yielded a coefficient of .79 and .72 on the pre-test and posttest respectively. These coefficients are considered acceptable in attitudinal instruments (Crocker & Algina, 1986) .
Attitude Changes Within Approaches
Pre-and posttest data from each of the four instructional approaches were analyzed to determine change over the nine-week treatment period. To do this, t-tests were run on each of the six PATT-USA sub-scales. Differences were found in only 5 of the 24 sub-scales. In the integrated approach, statistically significant differences were found on the Attitude Toward Technology and Consequences of Technology sub-scale. Differences were also found on the Attitude Toward Technology and Concept of Technology sub-scales of the modular approach. In both approaches, the change was in a negative direction, indicating that students exhibited a more negative attitude toward the Consequences Of Technology on the posttest than on the pre-test. The problem solving approach showed a significant positive change in the Technology Is Difficult sub-scale. That is, students believed that technology was more difficult to work with at the beginning of the nine-week program than at the end. There were no statistically significant changes in any of the sub-scales for the industrial arts approach.
Gender Differences
The MANOVA procedure on the combined pre-and posttest data for all sub-scales and all instructional approaches was used to ascertain differences in responses that may be attributed to gender. The results indicated that statistically significant differences occurred on three of five attitude sub-scales: (a) General Interest in Technology (p = .001), (b) Technology As An Activity For Boys And Girls (p = .000), and (c) Technology Is Difficult (p = .014). These results are presented in Table 3 .
The analysis suggested that female and male students perceived some aspects of technology differently. Female students consistently perceived technology to be less interesting than did male students. Females, more than males, perceived technology to be an activity for both boys and girls. With the exception of industrial arts, the instructional approach used did not cause this bias to improve over the duration of the nine-week period. Although all students perceived technology as less difficult as they experienced technological learning activities, females believed technology to be a more difficult subject than did males.
The t-test group procedure on the post-test scores was used to examine differences attributed to gender within each of the instructional approaches. Significant differences were found on three sub-scales (see Table 4 ). In the industrial arts approach, females responded more negatively on the Technology Is Difficult sub-scale which indicated that girls thought technology was more difficult to use and understand than did boys. In the modular approach, significant differences occurred on two sub-scales. Females scored higher than males on the Concept Of Technology sub-scale, indicating that girls in this approach had a better understanding of technology than did boys. The significant difference on the Technology As An Activity For Boys And Girls sub-scale implied that girls, more than boys, believed that gender did not affect the study of technology. Although data from the problem solving approach is displayed on Table 4 , it was excluded from this analysis because of the unequal distribution of male and female students. Total n=279, missing cases n=3. *Combined pre-and posttest totals from all approaches. **Lower mean on the 5-point scale indicates more positive attitude for subscale ***Higher mean indicates broader and more accurate concept of technology.
Scale range 0 to 1.0.
Discussion and Conclusions
The results of the study indicate that students' attitudes can be affected to some degree during a nine-week exposure to technology education. Significant differences between pre-and posttest results on one or more sub-scales were found in three of the four instructional approaches. This finding must be tempered by the fact that in total, statistically significant change occurred in only four of 20 attitude categories across the four approaches. Notes: Statistically significant differences in bold.
Total n=125 (two posttest returns did not designate gender).
* Lower mean on the 5-point scale indicates more positive attitude for sub-scale. **Higher mean indicates broader and more accurate concept of technology. Scale range 0 to 1.0.
Changing Attitudes
In all instructional approaches, students' belief that Technology Is Difficult was reduced through participation in technological activities. Students' Concept of Technology may be more difficult to enhance as only one instructional approach showed a significant change and it was in a negative direction. Oddly, students' Attitude Toward Technology became less favorable in two of four technology approaches, meaning that students would be more likely to agree with statements such as "there should be less TV and radio programming about technology" or "Because technology causes pollution, we should use less of it."
Perhaps the most dramatic attitude shift was found on the Consequences of Technology sub-scale. The curriculum of the integrated approach was designed to expose students to the positive and the negative consequences of technology through the exploration of topics such as waste handling. Although the pre-test scores were similar for all approaches on this sub-scale, the posttest mean score for the integrated approach showed a significant change over the pre-test mean. While the direction of the movement was toward the negative end of the scale, this does not necessarily imply that the students thought of technology as "bad," but rather that students had attained a more balanced view of technology. Students who participated in the other instructional approaches where the content was less controversial retained their more positive outlook toward technology. Perhaps middle schools students at the beginning of their first technology education class underestimated the complexity of technological operations and the potential for both positive and negative consequences of using technology. It follows that students' posttest scores would reflect these realities as they actually encountered various applications of technology.
The only sub-scale which did not change significantly within any of the instructional approaches was students' General Interest In Technology. Pre-and posttest mean scores for all instructional approaches remained close to 2.50, which on the 5-point scale is equal to the nominal value of "neutral." A student's general interest in technology may not be as easily affected as are the more immediate attitudinal impacts of studying the consequences of technology or overcoming the difficulty of a technological problem.
Gender Differences
As per previous PATT research findings, there were differences in the perceptions of technology attributed to gender. Independent of the instructional approach, the responses of female and male students were significantly different on three of five attitude sub-scales: (a) General Interest in Technology, (b) Technology as an Activity For Boys And Girls, and (c) Technology is Difficult.
Regardless of gender, participation in technology education programs did not significantly affect students' interest in technology. However, female students consistently perceived technology to be less interesting than male students did. The higher mean scores of females on the Technology Is Difficult sub-scale across all four instructional approaches also indicated that girls thought technology was more difficult to use and to understand than did boys.
The differences of interest in and difficulty of technology is likely related to Technology as an Activity for Boys and Girls. By indicating that technology was a more appropriate activity for boys than girls, it appears that male students continued to hold stereotypical views about the roles of females in technology. Conversely, female students indicated that they perceived an understanding of technology to be of equal importance for males and females. Moreover, visual analysis of mean scores indicated more gender bias on the posttest than the pretest in three of the four instructional approaches. While these differences were not statistically significant, it is disturbing to think that technology education courses are not mitigating this bias.
It is also interesting to note that all of the technology teachers were male. This is not uncommon in the field. Zuga (1994) reported that the profession is overwhelmingly male and that the traditional content is designed to prepare "young middle-class men to fit into the industrial society" (p. 65). However, the content in the programs investigated ranged from a traditional materials-based project to very contemporary exemplars of technology education curriculum. Specifically, in the industrial arts approach students made a note pad holder using wood, plastic, and metal. The integrated approach examined problems dealing with waste management and the environment. Students in the modular approach explored units on transportation, communication, and structures. Students in the problem solving approach worked through a simulation on community planning. It is almost ironic that the only approach to show a positive change in the mean score on the gender sub-scale was the industrial arts approach.
The research literature offers some explanations for these findings. Jewett (1996) concluded that technology, mathematics, and science are still considered as nontraditional areas for women and that parental and societal perceptions, and teachers behavior and expectations, contribute to women's reduced interest in these fields. Silverman and Pritchard (1993a) suggested that middle school girls did not make the connection between what they learned in technology education and potential technological careers. In a related study, Silverman and Pritchard (1993b) found that emerging sexism among middle school peers began to influence girls' perceptions of appropriate career choices. Overcoming entrenched societal norms is obviously a huge challenge and it appears that participation in a nine-week technology education program did not affect these perceptions.
Differences Between Instructional Approaches
Even though an effort was made to include schools with similar demographic characteristics, there is no way to control all independent variables when investigating intact classes using different instructional approaches in four different school districts. The statistical analysis of attitudinal factors was conducted within each approach and the findings were presented in Table 2 for the convenience of the reader. In presenting the data in this way, some differences in the approaches appeared. In the integrated approach, students' perceptions were modified in two of five attitudinal categories (Attitude toward Technology and Consequences of Technology). Differences in the modular and problem solving approaches occurred in only one category (Attitude Toward Technology and Technology is Difficult respectively) and no statistical change in attitude occurred in the industrial arts approach. These differences between approaches suggest that instructional methods and curricular content can affect students' attitudes in some areas. However, none of the approaches affected students' General Interest in Technology or Technology as an Activity for Boys and Girls. A larger scale study would be needed to draw any meaningful inferences among instructional approaches.
Enhancing Technological Literacy
The premise of this research was that the demonstration of attitudinal changes toward technology might be linked to enhanced technological literacy and that the PATT-USA could measure that attitude change. Evidence to support this idea did not materialize from the data. Although some attitude change was observed, there was no significant change in students' Concept of Technology that might point to increased levels of technological literacy. Perhaps the treatment period was too short. Or like previous attempts to capture a measure of technological literacy, the instrument might have to be tailored more specifically to the curriculum to be useful.
Summary
In summary, the interpretation of the data suggests that: 1. Upon completion of the nine-week instructional period in technology education, students' interest in technology was not significantly altered, but their belief in the difficulty of working with and studying technology was reduced. 2. Independent of instructional approach, the responses of female and male students were significantly different on three of five attitude sub-scales. 3. Students who participated in the study had narrow concepts or misconceptions of what comprises technology on both the pre-and posttests. 4. As measured by the Concept of Technology sub-scale, there were no positive changes in students' technological literacy over the nine-week technology education program. 5. Although attitudes were affected, there was no clear direction of change in attitude that can be attributed to an instructional approach. 6. Students' attitudes toward technology and their concept of technology were generally consistent with previous PATT and PATT-USA studies.
Recommendations and Implications
In many school systems, there is only one opportunity during middle school to affect students' attitudes toward technology. Technology students will experience a lifetime of technological change and adaptation, but hopefully positive attitudes developed through technology education will remain to influence life and career decisions. To this end, technology educators should assess students in the affective domain to measure attitude changes that may be attributable to the instructional methods and curriculum. The PATT-USA appears to be a suitable instrument for this assessment.
If the profession is serious about enhancing students' technological literacy as a primary goal, there should be an effort to develop an acceptable procedure or instrument that will measure students' technological literacy. Attitude measures may eventually demonstrate some correlation with technological literacy, but they cannot replace a valid and reliable measurement protocol.
Finally, females have different perceptions of technology. Results from this study suggest that technology education programs may not be meeting the needs of female students. The profession should strive to develop curriculum materials and activities that meet the interest and technological needs of all students.
